The soil-contaminated areas can be cleaned-up by the emerging science and technology of bioremediation. This study aims to investigate the survival of Pseudomonas putida (P. putida) as biodegradable agent in soil contaminated with biodiesel/diesel blends (B5). The spillage simulation of B5 was conducted at laboratory scale for 24 days of treatment. The results show that contamination of biodiesel/diesel blends in soil induced a reduction growth of P. putida. The growth of P. putida was measured high in control compared to B5 sample proved the inhibitory effect has occurred. Nevertheless, the P. putida colonies counts for sample B5 were persisted high until the end of treatment period at 5.0 x10 6 CFU/ml. P. putida is very sensitive to any ecosystem perturbation therefore this study notably serves as necessary information and potentially exploits as a useful oil-soil biodegradable agent in soil bioremediation.
Introduction
Diesel-soil contamination has become an attractive topic of scientific research in the 20th century. Major contamination pathways include leakage from underground storage tank or pipelines, tank truck or rail accidents [1] . Based on 'Eurostat' data there were 484.8 million tons of oil products used in the European Union (EU) in 2003, which was by 2% higher than in 2002 [2] . The increase for diesel demand and consumption will make petroleum reserves decrease day by day. Therefore, the scarcity of known petroleum reserves will make several renewable energy sources more attractive. In order to meet the requirements of the Kyoto protocol (1997) and Madrid declaration (1994) , several alternatives source of energy especially biodiesel are extensively used as an alternative to diesel fuel. Recently, biodiesel fuels have attracted increasing attention worldwide as blending components or direct replacements for diesel fuel in conventional diesel engines. It can be legally blended and used in many different proportions such as B2 (blend 2% biodiesel + 98% diesel), B5 (blend 5% biodiesel + 95% diesel), B20 (blend 20% biodiesel + 80% diesel) and B100 (100% biodiesel). The most common biodiesel blend is B20, which qualifies for fleet compliance under the Energy Policy Act of 1992 [3]. Since the early 21th century onwards, other states such as Australia, Brazil, Canada, Germany, China, South Korea and also Malaysia are also beginning to mandate that all diesel fuel sold at the petrol stations should at least contain 2% of biodiesel [4] . This indicates that pure biodiesel and their diesel blends will be used in the energy sector attending to transport vehicles driven by conventional diesel engines in the near future; however this means new threats to the environment.
The commercialization of pure biodiesel and their diesel blends on market can cause environmental damage due to spills. The long term effects of genotoxic compound in contaminated soil can adversely affects the live or well being of many living organisms including human beings, by exposing them through diverse pathways, such as ingestion of plants that uptake soil pollutants and also leaching of compound from contaminated soil to ground and surface water used as drinking water [5] . The contaminated areas can be cleaned-up by a highly promising approach known as bioremediation. It is a technique based on the action of microorganisms, in which hazardous contaminants will be turned into non toxic substances such as carbon dioxide (CO 2 ), water (H 2 O) and biomass [6] . Potentially, bioremediation technology is cost-effective and environmentally friendly compared with conventional physical-chemical treatments.
Increasing attention has been paid to bacteria, which act as efficient tools in the bioaugmentation process. For biological treatment of soil-contaminated, bacteria belonging to the genera Pseudomonas, Acinetobactor, Coryneform, Flavobacterium, and Burkholderia were often used [7, 8, 9] . Even though natural soil bacteria such as Pseudomonas can present in dormant or slowgrowing state, but when stimulated by optimum environmental conditions, they multiply rapidly and then adapt to new environment. The microbial growth is one of the consequences of the biodegradability of biodiesel/diesel blends [4] . Therefore, this study aims to evaluate the survival of P. putida as biodegradable agent focusing on sample of (B5) biodiesel/diesel blend. The growth rate of P. putida on contaminated soil with biodiesel/diesel blend were tested and evaluated accordingly.
Materials and Methods

Biodiesel
The biodiesel is palm-based biodiesel which was produced by transesterification with methanol and obtained from Biodiesel Pilot Plant, Faculty of Engineering Technology, Universiti Tun Hussein Onn Malaysia (UTHM). Petroleum diesel oil (EN 590:2004) was purchased from commercial diesel pump station at Parit Raja, Batu Pahat, Johor.
Soil
The soil samples (soil sandy gravel) were taken from campus area. The soil samples were collected in the range of 7-8 kg from the surface of 5-10 cm deep layer of soil.
Pseudomonas Putida Broth Culture
Pure Pseudomonas putida ATCC 49128 samples were purchased from United States of America (USA) in dry culti-loop form. They were stored in chiller at temperature of 4 ºC prior to cultivation procedure. Approximately 16g of medium (nutrient broth) was filled into 2000 mL Erlenmeyer flask containing 2000 mL of distilled water. The mixtures were stirred gently and then dissolved by heating on hot plate at temperature of 100 ºC for about 2 hours until complete dissolution. After that, the medium was sterilized in autoclave at temperature of 121 ºC for about 15 minutes. It was then allowed to cool down for a few minutes until its temperature drop in between 35 ºC to 37 ºC. One loops shaft was removed from the handle straight into the medium according to the manufacturer's instruction. The mixtures were then stirred until homogeneous and keep in the chiller at 4 ºC for 48 hours prior to further inoculation procedures.
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Spill simulations with biodiesel/diesel blends in soil were carried out in accordance with Taylor [10] , with modification. A 5% of biodiesel (20 mL) and 95% of diesel (480 mL) was added into container containing 1000 g of soil for sample B5. The contaminated soil samples were inoculated with approximately 200 mL of P. putida broth culture and placed in dark condition. As a control sample another soil was prepared and then inoculated with P. putida without addition of both biodiesel and diesel. The day when the soil was mixed with biodiesel, diesel and their blends as well as P. putida was considered as Day 0. The measurement of all testing parameters was conducted at interval of three day for up to Day 24 of bioremediation period (Day 0, 3, 6, 9, 12, 15, 18, 21 and 24) . After inoculation of P. putida into the contaminated soil samples, all testing parameters were subsequently carried out accordance with standard method. All measurements were made in three replications.
Enumeration of Pseudomonas Putida
Approximately 25 g of inoculated soil samples were dissolved in 250 mL Erlenmeyer flask containing 225 mL of sterilized distilled water. The flask was shaken on orbital digital shaker with shaking speed of 200 rpm for approximately 30 minutes. After leave for sedimentation time approximately for 2 hours, then 1 mL of supernatant from the flask was placed into seven sterile dilution bottles each containing 9 mL of sterile distilled water in triplicate. Approximately 1 mL of the previous dilution was added into 9 mL of sterile water in other dilution bottles. Next, each sample volume from dilution bottles was passed through a membrane filter under partial vacuum. The filter papers were placed onto warm Chromagar Pseudomonas media agar. The Chromagar Pseudomonas media agar was prepared according to manufacturer's instruction. Inoculated media agar has been incubated at temperature of 37 ºC in incubator. After 24 hours of incubation the colonies of P. putida were counted. Fig. 1 shows the P. putida colonies has slightly increased from Day 0 (1.2x 10 7 CFU/ml) to Day 9 (5.0x 10 7 CFU/ml) for sample B5. The addition of carbon source offered from biodiesel/diesel blends may lead to increase of P. putida growth. The hydrocarbons support the survival of microorganisms [11] , in this case for P. putida as it act as a valuable source of carbon and energy or induce inhibition of P. putida colonies and activity.
Results and Discussion
However, after Day 9, the amount of colony P. putida starts to deplete up to 1 Log until Day 24 (5.0 x 10 6 CFU/ml). The depletion colony P. putida might be due to the availability of nutrient in the sample has become low once the bacteria has used them as source of carbon and energy [4] . The same pattern of P. putida growth was in line with Schleicher [12] who verified that microbial will be rose up from the beginning but will decreased throughout bioremediation period; however it also depends on fuel composition in samples. The presence of B5 biodiesel/diesel blends into soil was induced a reduction in growth of P. putida started at Day 9.
It can be concluded that prolonged bioremediation period reduced the P. putida viability. Nevertheless, the amount of P. putida is still high which is at 10 6 CFU/ml until up to Day 24 (Table  1 ). This result indicated that the P. putida survival is high. The growth of P. putida was elevated high in control sample compared to B5. This indicated that the fuels in sample B5 inhibited the growth of P. putida in the soil. 
Conclusion
Based on the obtained data it is concluded that the contamination of soil with biodiesel/diesel blends influenced the survival of P. putida. This study demonstrated the inhibitory effect on growth of P. putida in sample B5; however the P. putida colonies counts was persisted high until the end of treatment period. The observation on the growth of P. putida in the samples gives good indication the bioremediation process occurred in soil biodiesel/diesel contamination. Future study was recommended by prolonged time length of bioremediation for optimum survival rate of P. putida in biodiesel-soil contamination.
